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	Foreword
	The volume you are now holding in your hands, the NEHRP Guidelines for the Seismic Rehabilitation...
	Since 1984, when the Federal Emergency Management Agency (FEMA) first began a program to address ...
	By 1990, this technical platform had been essentially completed, and work could begin on these Gu...
	No one who worked on this project in any capacity, whether volunteer, paid consultant or staff, r...
	The Federal Emergency Management Agency
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	Preface
	In August 1991, the National Institute of Building Sciences (NIBS) entered into a cooperative agr...
	The major objectives of the pro�ject were to develop a set of technically sound, national�ly ap�p...
	As noted above, the pro�ject work�� in�volved the ASCE and ATC as subcontrac�tors as well as grou...
	While over�all man�agement has been the respon�sibility of the BSSC, respon�sibility for conduct ...
	Three user workshops were held during the course of the project to expose the project and various...
	Following the third user workshop, written and oral comments on the 75-percent-complete draft of ...
	The balloting of the Guidelines and Commentary occurred between October 15 and December 20, 1996,...
	Although all sections of the Guidelines and Commentary documents were approved in the balloting, ...
	All the second ballot proposals passed the ballot; however, as with the first ballot results, com...
	It should be noted by those using this document that recommendations resulting from the concept w...
	  Test the usability of the NEHRP Guidelines for the Seismic Rehabilitation of Buildings in authe...
	  Assess the technical adequacy of the Guidelines design and analysis procedures. Determine if ap...
	  Assess whether the Guidelines acceptance criteria are properly calibrated to result in componen...
	  Develop empirical data on the costs of rehabilitation design and construction to meet the Guide...
	  Compare the acceptance criteria of the Guidelines with the prevailing seismic design requiremen...

	Feedback from those using the Guidelines outside this case studies project is strongly encouraged...
	The BSSC Board of Direction gratefully acknowledges the contribution of all the ATC and ASCE part...
	Eugene Zeller Chairman, BSSC Board of Direction
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	1. Introduction
	1.1 Purpose
	The primary purpose of this document is to provide technically sound and nationally acceptable gu...
	This document consists of two volumes. The Guidelines volume details requirements and procedures,...
	This document is intended for a primary user group of architects, engineers, and building officia...
	The engineering expertise of a design professional is a prerequisite to the appropriate use of th...
	An engineer can use this document to help a building owner select seismic protection criteria whe...
	This document is neither a code nor a standard. It is intended to be suitable both for voluntary ...
	See Section�1.3 for important descriptions of the scope and limitations of this document.

	1.2 Significant New Features
	This document contains several new features that depart significantly from previous seismic desig...
	1.2.1 Seismic Performance Levels and Rehabilitation �Objectives
	Building Performance Levels and Ranges
	Performance Level: the intended post-earthquake condition of a building; a well-defined point on ...
	Performance Range: a range or band of performance, rather than a discrete level.
	Designations of Performance Levels and Ranges: Performance is separated into descriptions of dama...
	Building Performance Level: The combination of a Structural Performance Level and a Nonstructural...
	Rehabilitation Objective: The combination of a Performance Level or Range with Seismic Demand Cri...

	Methods and design criteria to achieve several different levels and ranges of seismic performance...
	Each Building Performance Level is made up of a Structural Performance Level that describes the l...
	In addition, two ranges of structural performance are defined to provide a designation for unique...
	The three Structural Performance Levels and two Structural Performance Ranges consist of:
	  S-1: Immediate Occupancy Performance Level
	  S-2: Damage Control Performance Range (extends between Life Safety and Immediate Occupancy Perf...
	  S-3: Life Safety Performance Level
	  S-4: Limited Safety Performance Range (extends between Life Safety and Collapse Prevention Perf...
	  S-5: Collapse Prevention Performance Level
	In addition, there is the designation of S-6, Structural Performance Not Considered, to cover the...
	The four Nonstructural Performance Levels are:

	  N-A: Operational Performance Level
	  N-B: Immediate Occupancy Performance Level
	  N-C: Life Safety Performance Level
	  N-D: Hazards Reduced Performance Level
	In addition, there is the designation of N-E, Nonstructural Performance Not Considered, to cover ...
	A description of “what the building will look like after the earthquake” raises the questions: Wh...
	Once a desired Building Performance Level for a particular ground shaking severity (seismic deman...
	Using various combinations of Performance Levels and ground shaking criteria, many other Rehabili...


	1.2.2 Simplified and Systematic Rehabilitation Methods
	Simplified Rehabilitation may be applied to certain small buildings specified in the Guidelines. ...
	Systematic Rehabilitation may be applied to any building and involves thorough checking of each e...

	1.2.3 Varying Methods of Analysis
	Four distinct analytical procedures can be used in Systematic Rehabilitation: Linear Static, Line...

	1.2.4 Quantitative Specifications of Component Behavior
	Inherent in the concept of Performance Levels and Ranges is the assumption that performance can b...

	1.2.5 Procedures for Incorporating New Information and Technologies into Rehabilitation
	It is expected that testing of existing materials and elements will continue and that additional ...


	1.3 Scope, Contents, and Limitations
	This section describes the scope and limitations of the contents of this document pertaining to t...
	  buildings and loadings
	  activities and policies associated with seismic rehabilitation
	  seismic mapping
	  technical content
	1.3.1 Buildings and Loadings
	This document is intended to be applied to all buildings—regardless of importance, occupancy, his...
	This document applies to the seismic resistance of both the overall structural system of a buildi...

	1.3.2 Activities and Policies Associated with Seismic Rehabilitation
	There are several significant steps in the process of reducing seismic risk in buildings that thi...
	Another step, determining when the Guidelines should be applicable in a mandatory way to a remode...
	Recommendations regarding the selection of a Rehabilitation Objective for any building are also b...
	Featured in the Guidelines are descriptions of damage states with relation to specific Performanc...
	Techniques of repair for earthquake-damaged buildings are not included in the Guidelines. However...
	Although the Guidelines were not written for the purpose of evaluating the expected performance o...

	1.3.3 Seismic Mapping
	Special or new mapping of expected seismic ground shaking for the country has not been developed ...
	The responsibility of the Building Seismic Safety Council in Project ’97 was to develop a nationa...
	For consistency in this document, ground motion probabilities will be expressed with relationship...
	The variable Rehabilitation Objectives featured in the Guidelines allows consideration of any gro...
	New ground motion maps specifically related to the seismic design procedures of the 1997 NEHRP Re...

	1.3.4 Technical Content
	The Guidelines have been developed by a large team of specialists in earthquake engineering and s...
	The concepts and terminology of performance-based design are new and should be carefully studied ...


	1.4 Relationship to Other Documents and Procedures
	The Guidelines contain specific references to many other documents; however, the Guidelines are a...
	  FEMA 222A and 223A, NEHRP Recommended Provisions for Seismic Regulations for New Buildings (BSS...
	  FEMA 302 and 303, 1997 NEHRP Recommended Provisions for Seismic Regulations for New Buildings a...
	  FEMA 237, Development of Guidelines for Seismic Rehabilitation of Buildings, Phase I: Issues Id...
	  Proceedings of the Workshop To Resolve Seismic Rehabilitation Sub-issues (ATC, 1993) provided r...
	  FEMA 172, NEHRP Handbook of Techniques for the Seismic Rehabilitation of Existing Buildings (BS...
	  FEMA 178, NEHRP Handbook for the Seismic Evaluation of Existing Buildings (BSSC, 1992b), which ...
	  FEMA 156 and 157, Second Edition, Typical Costs for Seismic Rehabilitation of Existing Building...
	  FEMA 275, Planning for Seismic Rehabilitation: Societal Issues (VSP, 1996), discusses societal ...
	  FEMA 276, Guidelines for the Seismic Rehabilitation of Buildings: Example Applications (ATC, 19...
	  ATC 40, Seismic Evaluation and Retrofit of Concrete Buildings, (ATC, 1996), incorporates perfor...

	1.5 Use of the Guidelines in the Seismic Rehabilitation Process
	Figure�1�1 is an overview of the flow of procedures contained in this document as well as an indi...
	As indicated in Section�1.3, the Guidelines are written with the assumption that the user has alr...
	Figure�1�1 Rehabilitation Process Flowchart�
	1.5.1 Initial Considerations for Individual Buildings
	The use of the Guidelines will be simplified and made more efficient if certain base information ...
	The building owner should be aware of the range of costs and impacts of rehabilitation, including...
	The use of the building must be considered in weighing the significance of potential temporary or...
	This document is focused primarily on the technical aspects of rehabilitation. Basic information ...
	1.5.1.1 Site Hazards Other than Seismic Ground Shaking
	The analysis and design procedures of the Guidelines are primarily aimed at improving the perform...
	The risk and possible extent of damage from such site hazards should be considered before underta...
	Chapter�2 describes the applicability of seismic ground failure hazards to this document’s seismi...

	1.5.1.2 Characteristics of the Existing Building
	Chapter�2 discusses investigation of as-built conditions. Efficient use of the Guidelines require...
	Basic information about the building is needed to determine eligibility for Simplified Rehabilita...
	If the building is historic, additional as-built conditions should be more thoroughly investigate...

	1.5.1.3 Rehabilitation Objective
	A Rehabilitation Objective must be selected, at least on a preliminary basis, before beginning to...
	Whenever possible, the Rehabilitation Objective should meet the requirements of the BSO, which co...
	Due to the variation in performance associated with unknown conditions in existing buildings, det...


	1.5.2 Initial Risk Mitigation Strategies
	There are many ways to reduce seismic risk, whether the risk is to property, life safety, or post...
	Most often, however, when all alternatives are considered, the options of modifying the building ...
	Modifications appropriate to the building can be determined using either the Simplified Rehabilit...

	1.5.3 Simplified Rehabilitation
	Simplified Rehabilitation will apply to many small buildings of regular configuration, particular...

	1.5.4 Systematic Rehabilitation
	The Systematic Rehabilitation Method is intended to be complete and contains all requirements to ...
	1.5.4.1 Preliminary Design
	A preliminary design is needed to define the extent and configuration of corrective measures in s...

	1.5.4.2 Analysis
	A mathematical model, developed for the preliminary design, must be constructed in connection wit...


	1.5.5 Verification and Economic Acceptance
	For systematic rehabilitation, the effects of forces and displacements imposed on various element...
	If the design proves uneconomical or otherwise unfeasible, different Rehabilitation Objectives or...

	1.5.6 Implementation of the Design
	When a satisfactory design is completed, the important implementation phase may begin. Chapter�2 ...
	Social, Economic, and Political �Considerations
	The scope of the Guidelines is limited to the engineering basis for seismically rehabilitating a ...
	Construction Cost If seismic rehabilitation were always inexpensive, the social and political cos...
	Housing While seismic rehabilitation ultimately improves the housing stock, units can be temporar...
	Impacts on Lower-Income Groups Lower-income residents and commercial tenants can be displaced by ...
	upgrading unrelated to earthquake concerns, seismic upgrading also tends to raise rents and real ...
	Regulations As with efforts to impose safety regulations in other fields, mandating seismic rehab...
	Architecture Even if a building is not historic, there are often significant architectural impact...
	Community Revitalization Seismic rehabilitation not only poses issues and implies costs, it also ...



	1.6 Use of the Guidelines for Local or Directed Risk Mitigation Programs
	The Guidelines have been written to accommodate use in a wide variety of situations, including bo...
	1.6.1 Initial Considerations for Mitigation Programs
	Local or directed programs can either target high-risk building types or set overall priorities. ...
	1.6.1.1 Potential Costs of Local or Directed Programs
	The primary costs of seismic rehabilitation—the construction work itself, including design, inspe...
	The construction costs include not only the cost of the pure structural rehabilitation but also t...
	If seismic rehabilitation is the primary purpose of construction, the costs of the various nonsei...
	A discussion of these issues, as well as guidance on the range of costs of seismic rehabilitation...

	1.6.1.2 Timetables and Effectiveness
	Presuming that new buildings are being constructed with adequate seismic protection and that olde...
	It has often been pointed out that exposure time is a significant element of risk. The time aspec...
	Given a high perceived danger and certain advantageous characteristics of ownership, size, and oc...

	1.6.1.3 Historic Preservation
	Seismic rehabilitation of buildings can affect historic preservation in two ways. First, the intr...
	Considerations for Historic Buildings
	It must be determined early in the process whether a building is “historic.” A building is histor...
	In addition to rehabilitation, the Secretary of the Interior also has standards for preservation,...
	For historic buildings as well as for other structures of architectural interest, it is important...
	Rehabilitation Objectives If seismic rehabilitation is required by the governing building jurisdi...
	noted that many codes covering historic buildings allow some amount of flexibility in required pe...
	If a building contains items of unusual architectural interest, consideration should be given to ...
	Rehabilitation Strategies In development of initial risk mitigation strategies, consideration mus...
	Structural rehabilitation of historic buildings may be accomplished by hiding the new structural ...

	building. Second, the seismic rehabilitation work can serve to better protect the building from p...


	1.6.2 Use in Passive Programs
	Programs that only require seismic rehabilitation in association with other activity on the build...
	1.6.2.1 Selection of Seismic Rehabilitation Triggers
	The Guidelines do not cover triggers for seismic rehabilitation. The extent and detail of seismic...

	1.6.2.2 Selection of Passive Seismic Rehabilitation Standards
	The Guidelines purposely afford a wide variety of options that can be adopted into standards for ...
	A single Rehabilitation Objective could be selected under all triggering situations (the BSO, for...


	1.6.3 Use in Active or Mandated Programs
	Active programs are most often targeted at high-risk building types or occupancies. Active seismi...
	1.6.3.1 Selection of Buildings to be Included
	Programs would logically target only the highest-risk buildings or at least create priorities bas...
	A more pragmatic consideration is the ease of locating targeted buildings. If certain building ty...

	1.6.3.2 Selection of Active Seismic Rehabilitation Standards
	As discussed for passive programs (Section�1.6.2.2), the Guidelines are written to facilitate a w...
	It may be desirable to use Simplified Rehabilitation Methods for active or mandated programs. Onl...
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	2. General Requirements (Simplified�and�Systematic�Rehabilitation)
	2.1 Scope
	This chapter presents the Guidelines’ general requirements for rehabilitating existing buildings....
	Criteria for the following general issues regarding the seismic rehabilitation of buildings are i...
	  Rehabilitation Objectives:�Selection of desired performance levels for given earthquake severit...
	  As-Built Characteristics:�Determination of the basic construction characteristics and earthquak...
	  Rehabilitation Methods:�Selection of the Simplified or Systematic Method
	  Rehabilitation Strategies:�Selection of a basic strategy for rehabilitation, e.g., providing ad...
	  Analysis and Design Procedures:�For Systematic Rehabilitation approaches, selection among Linea...
	  General Analysis and Design:�Specification of the force and deformation actions for which given...
	  Building Interaction:�Guidelines for buildings that share elements with neighboring structures,...
	  Quality Assurance:�Guidelines for ensuring that the design intent is appropriately implemented ...
	  Alternative Materials and Methods:�Guidelines for evaluating and designing structural component...

	2.2 Basic Approach
	The basic approach for seismic rehabilitation design includes the steps indicated below. Note tha...
	  Obtain as-built information on the building and determine its characteristics, including whethe...
	  Select a Rehabilitation Objective for the building (Section�2.4).
	  Select an appropriate Rehabilitation Method (Section�2.8).
	  If a Simplified Method is applicable, follow the procedures of Chapter�10; or,
	  If a Systematic Method is to be followed:
	Prior to embarking on a rehabilitation program, an evaluation should be performed to determine wh...
	Table�2�1 gives an overview of guidelines and criteria included in this chapter and their relatio...


	2.3 Design Basis
	The Guidelines are intended to provide a nationally applicable approach for the seismic rehabilit...
	Table�2�1 Guidelines and Criteria in Chapter�2 and Relation to Guidelines and Criteria in Other C...
	The procedures contained in the Guidelines are specifically applicable to the rehabilitation of e...
	A Rehabilitation Objective must be selected as the basis for a rehabilitation design in order to ...
	Each structural component and element of the building, including its foundations, shall be classi...
	  The primary elements and components are those that provide the structure’s overall ability to r...
	  Other elements and components of the existing building are designated as secondary. For some st...
	For a given performance level, acceptance criteria for primary elements and components will typic...
	In order to comply with the BSO or any Enhanced Rehabilitation Objective, the rehabilitated build...



	2.4 Rehabilitation Objectives
	As stated earlier, a Rehabilitation Objective shall be selected as the basis for design. Rehabili...
	Building performance can be described qualitatively in terms of the safety afforded building occu...
	In these Guidelines, the extent of damage to a building is categorized as a Building Performance ...
	Section�2.5.1 defines a series of three discrete Structural Performance Levels that may be used i...
	Section�2.5.2 defines a series of three discrete Nonstructural Performance Levels. These are: Ope...
	Section�2.5.3 indicates how Structural and Nonstructural Performance Levels may be combined to fo...
	Section�2.6, Seismic Hazard, presents methods for determining earthquake shaking demands and cons...
	Earthquake demands are a function of the location of the building with respect to causative fault...
	Earthquake Having Probability of Exceedance
	Mean Return Period (years)
	50%/50 year
	72
	20%/50 year
	225
	10%/50 year
	474
	2%/50 year
	2,475
	These mean return periods are typically rounded to 75, 225, 500, and 2,500 years, respectively. T...
	The Rehabilitation Objective selected as a basis for design will determine, to a great extent, th...
	analytical evaluation should be performed to confirm that a rehabilitation design is capable of m...
	Table�2�2 Rehabilitation Objectives
	2.4.1 Basic Safety Objective
	A desirable goal for rehabilitation is to achieve the Basic Safety Objective (BSO). In order to a...
	Building rehabilitation programs designed to the BSO are intended to provide a low risk of danger...
	The level of damage to buildings rehabilitated to the BSO may be greater than that expected in pr...
	When it is desired that a building be able to resist earthquakes with less damage than implied by...

	2.4.2 Enhanced Rehabilitation Objectives
	Any Rehabilitation Objective intended to provide performance superior to that of the BSO is terme...
	  Directly, by design for the BSE-1 or BSE-2 earthquakes. Examples include designing for a higher...
	  Indirectly, by having the design controlled by some other selected Performance Level and hazard...
	The Guidelines do not incorporate Enhanced Rehabilitation Objectives in any formal procedure, but...


	2.4.3 Limited Rehabilitation Objectives
	Any Rehabilitation Objective intended to provide performance inferior to that of the BSO is terme...
	  The rehabilitation measures do not create a structural irregularity or make an existing structu...
	  The rehabilitation measures do not result in a reduction in the capability of the structure to ...
	  The rehabilitation measures do not result in an increase in the seismic forces to any component...
	  All new or rehabilitated structural elements are detailed and connected to the existing structu...
	  An unsafe condition is not created or made more severe by the rehabilitation measures; and
	  Locally adopted and enforced building regulations do not preclude such rehabilitation.
	2.4.3.1 Partial Rehabilitation
	Any rehabilitation program that does not fully address the lateral-force-resisting capacity of th...

	2.4.3.2 Reduced Rehabilitation
	Reduced Rehabilitation programs address the entire building’s lateral-force-resisting capacity, b...
	  Life Safety Performance Level (3�C) for earthquake demands that are less severe (more probable)...
	  Collapse Prevention Performance Level (5�E) for earthquake demands that are less severe (more p...
	  Performance Levels 4�C, 4�D, 4�E, 5�C, 5�D, 5�E, 6�D, or 6�E for BSE-1 or less severe (more pro...



	2.5 Performance Levels
	Building performance is a combination of the performance of both structural and nonstructural com...
	Independent performance definitions are provided for structural and nonstructural components. Str...
	2.5.1 Structural Performance Levels and Ranges
	Three discrete Structural Performance Levels and two intermediate Structural Performance Ranges a...
	A wide range of structural performance requirements could be desired by individual building owner...
	The Structural Performance Levels are the Immediate Occupancy Level (S-1), the Life Safety Level ...
	The drift values given in Table�2�4 are typical values provided to illustrate the overall structu...
	The Structural Performance Ranges are the Damage Control Range (S-2) and the Limited Safety Range...
	2.5.1.1 Immediate Occupancy Performance Level (S�1)
	Structural Performance Level S-1, Immediate Occupancy, means the post-earthquake damage state in ...

	2.5.1.2 Life Safety Performance Level (S�3)
	Structural Performance Level S-3, Life Safety, means the post-earthquake damage state in which si...

	2.5.1.3 Collapse Prevention Performance Level (S�5)
	Structural Performance Level S-5, Collapse Prevention, means the building is on the verge of expe...

	2.5.1.4 Damage Control Performance Range (S�2)
	Structural Performance Range S-2, Damage Control, means the continuous range of damage states tha...

	2.5.1.5 Limited Safety Performance Range (S�4)
	Structural Performance Range S-4, Limited Safety, means the continuous range of damage states bet...

	2.5.1.6 Structural Performance Not Considered (S�6)
	Some owners may desire to address certain nonstructural vulnerabilities in a rehabilitation progr...


	2.5.2 Nonstructural Performance Levels
	Four Nonstructural Performance Levels are defined in these Guidelines and are summarized in Table...
	2.5.2.1 Operational Performance Level (N�A)
	Nonstructural Performance Level A, Operational, means the post-earthquake damage state of the bui...
	Specific design procedures and acceptance criteria for this performance level are not included in...

	2.5.2.2 Immediate Occupancy Level (N�B)
	Nonstructural Performance Level B, Immediate Occupancy, means the post-earthquake damage state in...

	2.5.2.3 Life Safety Level (N-C)
	Nonstructural Performance Level C, Life Safety, is the post-earthquake damage state in which pote...

	2.5.2.4 Hazards Reduced Level (N-D)
	Nonstructural Performance Level D, Hazards Reduced, represents a post-earthquake damage state lev...

	2.5.2.5 Nonstructural Performance Not Considered (N�E)
	In some cases, the decision may be made to rehabilitate the structure without addressing the vuln...


	2.5.3 Building Performance Levels
	Building Performance Levels are obtained by combining Structural and Nonstructural Performance Le...
	2.5.3.1 Operational Level (1�A)
	This Building Performance Level is a combination of the Structural Immediate Occupancy Level and ...
	Under very low levels of earthquake ground motion, most buildings should be able to meet or excee...

	2.5.3.2 Immediate Occupancy Level (1-B)
	This Building Performance Level is a combination of the Structural and Nonstructural Immediate Oc...
	Many building owners may wish to achieve this level of performance when the building is subjected...

	2.5.3.3 Life Safety Level (3-C)
	This Building Performance Level is a combination of the Structural and Nonstructural Life Safety ...
	This performance level entails somewhat more damage than anticipated for new buildings that have ...

	2.5.3.4 Collapse Prevention Level (5-E)
	This Building Performance Level consists of the Structural Collapse Prevention Level with no cons...
	This level has sometimes been selected as the basis for mandatory seismic rehabilitation ordinanc...
	Table�2�3 Damage Control and Building Performance Levels
	Table�2�4 Structural Performance Levels and Damage1—Vertical Elements (continued)
	Table�2�5 Structural Performance Levels and Damage—Horizontal Elements�
	Table�2�6 Nonstructural Performance Levels and Damage—Architectural Components�
	Table�2�7 Nonstructural Performance Levels and Damage—Mechanical, Electrical, and Plumbing System...
	Table�2�8 Nonstructural Performance Levels and Damage—Contents�
	Table�2�9 Building Performance Levels/Ranges



	2.6 Seismic Hazard
	The most common and significant cause of earthquake damage to buildings is ground shaking; thus, ...
	In addition to the BSE-1 and BSE-2 levels of ground motion, Rehabilitation Objectives may be form...
	Response spectra are used to characterize earthquake shaking demand on buildings in the Guideline...
	In the General Procedure, ground shaking hazard is determined from available response spectrum ac...
	The General Procedure may be used for any building. The Site-Specific Procedure may also be used ...
	  Rehabilitation is planned to an Enhanced Rehabilitation Objective, as defined in Section�2.4.2.
	  The building site is located within 10 kilometers of an active fault.
	  The building is located on Type E soils (as defined in Section�2.6.1.4) and the mapped BSE-2 sp...
	  The building is located on Type F soils as defined in Section�2.6.1.4.
	  A time history response analysis of the building will be performed as part of the design.
	Other site-specific seismic hazards that may cause damage to buildings include:

	  surface fault rupture
	  differential compaction of the foundation material
	  landsliding
	  liquefaction
	  lateral spreading
	  flooding
	If the potential for any of these, or other, seismic hazards exists at a given site, then they al...

	2.6.1 General Ground Shaking Hazard Procedure
	The general procedures of this section may be used to determine acceleration response spectra for...
	  Basic Safety Earthquake 1 (BSE-1)
	  Basic Safety Earthquake 2 (BSE-2)
	  Earthquake with any defined probability of exceedance in 50 years
	Deterministic estimates of earthquake hazard, in which an acceleration response spectrum is obtai...
	The basic steps for determining a response spectrum under this general procedure are:s
	1. Determine whether the desired hazard level corresponds to one of the levels contained in the g...
	2. If the desired hazard level corresponds with one of the mapped hazard levels, obtain spectral ...
	3. If the desired hazard level is the BSE-1, then obtain the spectral response acceleration param...
	4. If the desired hazard level does not correspond with the mapped levels of hazard, then obtain ...
	5. Obtain design spectral response acceleration parameters by adjusting the mapped, or modified m...
	6. Using the design spectral response acceleration parameters that have been adjusted for site cl...

	2.6.1.1 BSE-2 and 10%/50 Response Acceleration Parameters
	The mapped short-period response acceleration parameter, SS, and mapped response acceleration par...
	Parameters SS and S1 shall be obtained by interpolating between the values shown on the response ...

	2.6.1.2 BSE-1 Response Acceleration Parameters
	The mapped short-period response acceleration parameter, SS, and mapped response acceleration par...
	  The values of the parameters SS and S1, respectively, determined for 10%/50 year ground motion ...
	  Two thirds of the values of the parameters SS and S1, respectively, determined for BSE-2 ground...

	2.6.1.3 Adjustment of Mapped Response Acceleration Parameters for Other Probabilities of Exceedance
	When the mapped BSE-2 short period response acceleration parameter, SS, is less than 1.5g, the mo...
	1n(Si) = 1n(Si10/50) + [1n(SiBSE-2) – 1n(Si10/50)] [0.606�1n(PR) – 3.73] (2�1)
	where:
	1n(Si)
	=
	Natural logarithm of the spectral acceleration parameter (“i” = “s” for short period or “i” = 1 f...
	1n(Si10/50)
	=
	Natural logarithm of the spectral acceleration parameter (“i” = “s” for short period or “i” = 1 f...
	1n(SiBSE-2)
	=
	Natural logarithm of the spectral acceleration parameter (“i” = “s” for short period or “i” = 1 f...
	1n(PR)
	=
	Natural logarithm of the mean return period corresponding to the exceedance probability of the de...
	and the mean return period PR at the desired exceedance probability may be calculated from the eq...
	(2�2)
	where PE50 is the probability of exceedance in 50 years of the desired hazard level.
	When the mapped BSE-2 short period response acceleration parameter, SS, is greater than or equal ...
	(2�3)
	where Si, Si10/50, and PR are as defined above and n may be obtained from Table�2�10.
	Table�2�10 and the two following specify five regions, three of which are not yet specifically de...
	Table�2�10 Values of Exponent n for Determination of Response Acceleration Parameters at Hazard L...
	When the mapped BSE-2 short period response acceleration parameter, SS, is less than 1.5g, the mo...

	Table�2�11 Values of Exponent n for Determination of Response Acceleration Parameters at Probabil...
	Table�2�12 Values of Exponent n for Determination of Response Acceleration Parameters at Probabil...
	When the mapped BSE-2 short period response acceleration parameter, SS, is greater than or equal ...


	2.6.1.4 Adjustment for Site Class
	The design short-period spectral response acceleration parameter, SXS, and the design spectral re...
	(2�4)
	(2�5)
	Table�2�13 Values of Fa as a Function of Site Class and Mapped Short-Period Spectral Response Acc...
	Table�2�14 Values of Fv as a Function of Site Class and Mapped Spectral Response Acceleration at ...
	where Fa and Fv are site coefficients determined respectively from Tables�2�13 and 2�14, based on...
	Site classes shall be defined as follows:
	  Class A:�Hard rock with measured shear wave velocity, > 5,000 ft/sec
	  Class B:�Rock with 2,500 ft/sec < < 5,000 ft/sec
	  Class C:�Very dense soil and soft rock with 1,200 ft/sec < £ 2,500 ft/sec or with either standa...
	  Class D:�Stiff soil with 600 ft/sec < £ 1,200 ft/ sec or with 15 < £ 50 or 1,000 psf £ < 2,000 psf
	  Class E:�Any profile with more than 10 feet of soft clay defined as soil with plasticity index ...
	  Class F:�Soils requiring site-specific evaluations:
	The parameters , , and are, respectively, the average values of the shear wave velocity, Standard...
	(2�6)
	where:
	Ni
	=
	SPT blow count in soil layer “i”
	n
	=
	Number of layers of similar soil materials for which data is available
	di
	=
	Depth of layer “i”
	sui
	=
	Undrained shear strength in layer “i”
	vsi
	=
	Shear wave velocity of the soil in layer “i”
	and
	(2�7)
	Where reliable vs data are available for the site, such data should be used to classify the site....



	2.6.1.5 General Response Spectrum
	A general, horizontal response spectrum may be constructed by plotting the following two function...
	Figure�2�1 General Response Spectrum
	(2�8)
	(2�9)
	where To is given by the equation
	(2�10)
	where BS and B1 are taken from Table�2�15.

	Table�2�15 Damping Coefficients BS and B1 as a Function of Effective Damping b
	In general, it is recommended that a 5% damped response spectrum be used for the rehabilitation d...
	  For structures without exterior cladding an effective viscous damping ration, b, of 2% should b...
	  For structures with wood diaphragms and a large number of interior partitions and cross walls t...
	  For structures rehabilitated using seismic isolation technology or enhanced energy dissipation ...
	In Chapter�9 of the Guidelines, the analytical procedures for structures rehabilitated using seis...




	2.6.2 Site-Specific Ground Shaking Hazard
	Where site-specific ground shaking characterization is used as the basis of rehabilitation design...
	2.6.2.1 Site-Specific Response Spectrum
	Development of site-specific response spectra shall be based on the geologic, seismologic, and so...
	When a site-specific response spectrum has been developed and other sections of these Guidelines ...
	(2�11)

	2.6.2.2 Acceleration Time Histories
	Time-History Analysis shall be performed with no fewer than three data sets (two horizontal compo...
	Where three time history data sets are used in the analysis of a structure, the maximum value of ...


	2.6.3 Seismicity Zones
	In these Guidelines, seismicity zones are defined as follows.
	2.6.3.1 Zones of High Seismicity
	Buildings located on sites for which the 10%/50 year, design short-period response acceleration, ...

	2.6.3.2 Zones of Moderate Seismicity
	Buildings located on sites for which the 10%/50 year, design short-period response acceleration, ...

	2.6.3.3 Zones of Low Seismicity
	Buildings located on sites that are not located within zones of high or moderate seismicity, as d...


	2.6.4 Other Seismic Hazards
	In addition to ground shaking, seismic hazards can include ground failure caused by surface fault...


	2.7 As-Built Information
	Existing building characteristics pertinent to its seismic performance—including its configuratio...
	  Field observation of exposed conditions and configuration
	  Available construction documents, engineering analyses, reports, soil borings and test logs, ma...
	  Reference standards and codes from the period of construction as cited in Chapters�5 through 8
	  Destructive and nondestructive examination and testing of selected building components
	  Interviews with building owners, tenants, managers, the original architect and engineer, contra...
	As a minimum, at least one site visit should be performed to obtain detailed information regardin...

	2.7.1 Building Configuration
	The as-built building configuration consists of the type and arrangement of existing structural e...
	It is important, in identifying the building configuration, to account for both the intended load...

	2.7.2 Component Properties
	Meaningful structural analysis of a building’s probable seismic behavior and reliable design of r...
	Component deformation capacity must be calculated to allow validation of overall element and buil...
	Knowledge of existing component configuration, quality of construction, physical condition, and i...
	When only a minimum level of knowledge is available, a k value of 0.75 shall be included in compo...
	  Records of the original construction and any modifications, including structural and architectu...
	  A visual condition survey is performed on the accessible primary elements and components, with ...
	  A limited program of in-place testing is performed, as indicated in Chapters�5 through 8, to qu...
	  Knowledge of any site-related concerns—such as pounding from neighboring structures, party wall...
	  Specific foundation- and material-related concerns cited in Chapters�4 through 8, as applicable...
	A k value of 1.0 may be used where comprehensive knowledge and understanding of component configu...

	  Original construction records, including drawings and specifications, as well as any post-const...
	  Extensive in-place testing is performed as indicated in Chapters�4 through 8 to quantify materi...
	  Knowledge of any site-related concerns—such as pounding from neighboring structures, party wall...
	  Specific foundation- and material-related concerns cited in Chapters�4 through 8, as applicable...
	Whenever practical, investigation should be sufficiently thorough to allow the use of a single va...


	2.7.3 Site Characterization and Geotechnical Information
	Data on surface and subsurface conditions at the site, including the configuration of foundations...
	A site reconnaissance should always be performed. In the course of this reconnaissance, variances...

	2.7.4 Adjacent Buildings
	Data should be collected on the configuration of adjacent structures when such structures have th...
	2.7.4.1 Building Pounding
	Data on adjacent structures should be collected to permit investigation of the potential effects ...
	Building pounding can alter the basic response of the building to ground motion, and impart addit...

	2.7.4.2 Shared Element Condition
	Data should be collected on all adjacent structures that share elements in common with the buildi...

	2.7.4.3 Hazards from Adjacent Structure
	Data should be collected on all structures that have the potential to damage the building with fa...
	Consideration should be given to hardening those portions of the building that may be impacted by...



	2.8 Rehabilitation Methods
	The scope of building structural alterations and modifications required to meet the selected Reha...
	2.8.1 Simplified Method
	The Simplified Method allows for design of building rehabilitation measures without requiring ana...
	The Simplified Method may be used to achieve a Rehabilitation Objective consisting of the Life Sa...
	  The building conforms to one of the Model Building Types indicated in Table�10�1, as well as al...
	  A complete evaluation of the building is performed in accordance with FEMA�178 (BSSC, 1992), an...
	Any building may be partially rehabilitated to achieve a Limited Rehabilitation Objective using t...
	The Simplified Method may not be used for buildings intended to meet the BSO or any Enhanced Reha...


	2.8.2 Systematic Method
	Rehabilitation programs for buildings and objectives that do not qualify for Simplified Rehabilit...
	  The structure shall be analyzed to determine if it is adequate to meet the selected Rehabilitat...
	  One or more rehabilitation strategies shall be developed to address the deficiencies identified...
	  A preliminary rehabilitation design shall be developed that is consistent with the rehabilitati...
	  The structure and the preliminary rehabilitation measures shall be analyzed to determine whethe...
	  The process shall be repeated as required until a design solution is obtained that meets the se...


	2.9 Analysis Procedures
	An analysis of the structure shall be conducted to determine the distribution of forces and defor...
	  Are essential to the lateral stability of the structure (primary elements); or
	  Are essential to the vertical load-carrying integrity of the building; or
	  Are otherwise critical to meeting the Rehabilitation Objective and could be subject to damage a...
	The analysis procedure shall consist of one of the following:

	  Linear analysis, in accordance with Section�3.3, including Linear Static Procedure (LSP) (see S...
	  Nonlinear analysis, in accordance with Section�3.3, including Nonlinear Static Procedure (NSP) ...
	  Alternative rational analysis
	Limitations with regard to the use of these procedures are given in Sections�2.9.1, 2.9.2, and 2....

	2.9.1 Linear Procedures
	Linear procedures may be used for any of the rehabilitation strategies contained in Section�2.10 ...
	The results of the linear procedures can be very inaccurate when applied to buildings with highly...
	2.9.1.1 Method to Determine Applicability of Linear Procedures
	The methodology indicated in this section may be used to determine whether a building can be anal...
	DCRs for existing and added building components shall be computed in accordance with the equation:
	(2�12)
	where:
	QUD
	=
	Force calculated in accordance with Section�3.4, due to the gravity and earthquake loads of Secti...
	QCE
	=
	Expected strength of the component or element, calculated in accordance with Chapters�5 through 8
	DCRs should be calculated for each controlling action (such as axial force, moment, shear) of eac...
	If the DCRs computed for all of the critical actions (axial force, moment, shear) of all of the c...
	  There is an in-plane discontinuity in any primary element of the lateral-force-resisting system...
	Figure�2�2 In-Plane Discontinuity in Lateral System
	  There is an out-of-plane discontinuity in any primary element of the lateral-force-resisting sy...

	Figure�2�3 Typical Building with Out-of-Plane Offset Irregularity
	  There is a severe weak story irregularity present at any story in any direction of the building...
	(2�13)
	DCR
	=
	Average DCR for the story
	DCRi
	=
	Critical action DCR for element i
	Vi
	=
	Total calculated lateral shear force in an element i due to earthquake response, assuming that th...
	n
	=
	Total number of elements in the story
	For buildings with flexible diaphragms, each line of framing should be independently evaluated.

	  There is a severe torsional strength irregularity present in any story. A severe torsional stre...
	If the guidelines above indicate that a linear procedure is applicable, then either the LSP or th...

	  The building height exceeds 100 feet.
	  The ratio of the building’s horizontal dimension at any story to the corresponding dimension at...
	  The building is found to have a severe torsional stiffness irregularity in any story. A severe ...
	  The building is found to have a severe vertical mass or stiffness irregularity. A severe vertic...
	  The building has a nonorthogonal lateral-force- resisting system.



	2.9.2 Nonlinear Procedures
	Nonlinear Analysis Procedures may be used for any of the rehabilitation strategies contained in S...
	2.9.2.1 Nonlinear Static Procedure (NSP)
	The NSP may be used for any structure and any Rehabilitation Objective, with the following except...
	  The NSP should not be used for structures in which higher mode effects are significant, unless ...
	  The NSP should not be used unless comprehensive knowledge of the structure has been obtained, a...

	2.9.2.2 Nonlinear Dynamic Procedure (NDP)
	The NDP may be used for any structure and any Rehabilitation Objective, with the following except...
	  The NDP is not recommended for use with wood frame structures.
	  The NDP should not be utilized unless comprehensive knowledge of the structure has been obtaine...
	  The analysis and design should be subject to review by an independent third-party professional ...


	2.9.3 Alternative Rational Analysis
	Nothing in the Guidelines should be interpreted as preventing the use of any alternative analysis...

	2.9.4 Acceptance Criteria
	The Analysis Procedures indicate the building’s response to the design earthquake(s) and the forc...
	The type 1 curve is representative of typical ductile behavior. It is characterized by an elastic...
	The type 2 curve is representative of another type of ductile behavior. It is characterized by an...
	The type 3 curve is representative of a brittle or nonductile behavior. It is characterized by an...
	Figure�2�4 General Component Behavior Curves
	Figure�2�5 shows an idealized force versus deformation curve that is used throughout the Guidelin...

	Figure�2�5 Idealized Component Load versus Deformation Curves for Depicting Component Modeling an...
	In Figure�2�4, Qy represents the yield strength of the component. In a real structure, the yield ...
	For some components it is convenient to prescribe acceptance criteria in terms of deformation (e....
	Figure�2�5(c) graphically shows the approximate deformation or deformation ratio, in relation to ...
	If nonlinear procedures are used, component capacities consist of permissible inelastic deformati...
	  Foundations—Chapter�4
	  Elements and components composed of steel or cast iron—Chapter�5
	  Elements and components composed of reinforced concrete—Chapter�6
	  Elements and components composed of reinforced or unreinforced masonry—Chapter�7
	  Elements and components composed of timber, light metal studs, gypsum, or plaster products—Chap...
	  Seismic isolation systems and energy dissipation systems—Chapter�9
	  Nonstructural (architectural, mechanical, and electrical) components—Chapter�11
	  Elements and components comprising combinations of materials—covered in the chapters associated...

	Table�2�16 Calculation of Component Action Capacity—Linear Procedures
	Table�2�17 Calculation of Component Action Capacity—Nonlinear Procedures
	Acceptance criteria for elements and components for which criteria are not presented in the Guide...



	2.10 Rehabilitation Strategies
	Rehabilitation of buildings may be achieved by one or more of the strategies indicated in this se...
	2.10.1 Local Modification of Components
	Some existing buildings have substantial strength and stiffness; however, some of their component...
	Local strengthening allows one or more understrength elements or connections to resist the streng...
	Local corrective measures that improve the deformation capacity or ductility of a component allow...

	2.10.2 Removal or Lessening of Existing Irregularities and Discontinuities
	Stiffness, mass, and strength irregularities are common causes of undesirable earthquake performa...
	Effective corrective measures for removal or reduction of irregularities and discontinuities, suc...
	Partial demolition can also be an effective corrective measure for irregularities, although this ...

	2.10.3 Global Structural Stiffening
	Some flexible structures behave poorly in earthquakes because critical components and elements do...

	2.10.4 Global Structural Strengthening
	Some existing buildings have inadequate strength to resist lateral forces. Such structures exhibi...

	2.10.5 Mass Reduction
	Two of the primary characteristics that control the amount of force and deformation induced in a ...

	2.10.6 Seismic Isolation
	When a structure is seismically isolated, compliant bearings are inserted between the superstruct...

	2.10.7 Supplemental Energy Dissipation
	A number of technologies are available that allow the energy imparted to a structure by ground mo...


	2.11 General Analysis and Design Requirements
	The detailed guidelines of this section apply to all buildings rehabilitated to achieve either th...
	2.11.1 Directional Effects
	The lateral-load-resisting system shall be demonstrated to be capable of responding to ground-mot...

	2.11.2 P-D Effects
	The structure shall be investigated to ensure that lateral drifts induced by earthquake response ...
	(2�14)
	where:
	Pi
	=
	Portion of the total weight of the structure including dead, permanent live, and 25% of transient...
	Vi
	=
	Total calculated lateral shear force in the direction under consideration at story i due to earth...
	hi
	=
	Height of story i, which may be taken as the distance between the centerline of floor framing at ...
	di
	=
	Lateral drift in story i, in the direction under consideration, at its center of rigidity, using ...
	In any story in which qi is less than or equal to 0.1, the structure need not be investigated fur...

	2.11.3 Torsion
	Analytical models used to evaluate the response of the building to earthquake ground motion shall...

	2.11.4 Overturning
	The effects of overturning at each level of the structure shall be evaluated cumulatively from th...
	Overturning Issues and Alternative Methods
	Response to earthquake ground motion results in a tendency for structures, and individual vertica...
	For elements with positive attachment between levels, that behave as single units, such as reinfo...
	Some elements, such as wood shear walls and foundations, may not be provided with positive attach...
	In the linear and nonlinear procedures of the Guidelines, lateral forces are not reduced by an R-...
	However, if dead loads alone are used to resist overturning, then overturning is treated as a for...
	There is no rational method available, that has been shown to be consistent with observed behavio...
	A simplified alternative, described below, for evaluating the adequacy of dead load to provide st...
	The load combination represented by
	where QD and QE have opposite signs, and ROT = 7.5 for Collapse Prevention Performance Level, or ...
	Additional studies are needed on the parameters that control overturning in seismic rehabilitatio...

	2.11.4.1 Linear Procedures
	When a linear procedure is followed, each primary element at each level of the structure shall be...
	Where dead loads are used to resist the effects of overturning, the following shall be satisfied:
	(2�15)
	where
	MOT = Total overturning moment induced on the element by seismic forces applied at and above the ...
	MST = Stabilizing moment produced by dead loads acting on the element, calculated as the sum of t...
	C1, C2, and C3 = Coefficients defined in Section�3.3.1.3
	J = Coefficient defined in Equation�3�17
	The quantity MOT��/J need not exceed the overturning moment that can be applied to the element, a...
	Where dead loads acting on an element are insufficient to provide stability, positive attachment ...

	2.11.4.2 Nonlinear Procedures
	When a nonlinear procedure is followed, the effect of earthquake-induced rocking of elements shal...


	2.11.5 Continuity
	All elements of the structure shall be thoroughly and integrally tied together to form a complete...
	  Every smaller portion of a structure, such as an outstanding wing, shall be tied to the structu...
	  Every component shall be connected to the structure to resist a horizontal force in any directi...
	  Where a sliding support is provided at the end(s) of a component, the bearing length shall be s...

	2.11.6 Diaphragms
	Diaphragms shall be provided at each level of the structure as necessary to connect building mass...
	  Diaphragm Chords:�Except for diaphragms evaluated as “unchorded” using Chapter 8 of the Guideli...
	  Diaphragm Collectors:�At each vertical element to which a diaphragm is attached, a diaphragm co...
	  Diaphragm Ties:�Diaphragms shall be provided with continuous tension ties between their chords ...

	2.11.7 Walls
	Walls shall be anchored to the structure as described in this section, and evaluated for out-of-p...
	  Walls shall be positively anchored to all diaphragms that provide lateral support for the wall ...
	Table�2�18 Coefficient c for Calculation of Out�of�Plane Wall Forces
	  A wall shall have a strength adequate to span between locations of out-of-plane support when su...


	2.11.8 Nonstructural Components
	Nonstructural components, including architectural, mechanical and electrical components, shall be...

	2.11.9 Structures Sharing Common Elements
	Where two or more buildings share common elements, such as party walls or columns, and either the...
	  The structures shall be thoroughly tied together so as to behave as an integral unit. Ties betw...
	  The buildings shall be completely separated by introducing seismic joints between the structure...

	2.11.10 Building Separation
	2.11.10.1 General
	Buildings intended to meet either the BSO or Enhanced Objectives shall be adequately separated fr...
	(2�16)
	where:
	Di1
	=
	Estimated lateral deflection of building 1 relative to the ground at level i
	Di2
	=
	Estimated lateral deflection of building 2 relative to the ground at level i
	The value of si calculated by Equation�2�16 need not exceed 0.04 times the height of the building...

	2.11.10.2 Special Considerations
	Buildings not meeting the separation requirements of Section�2.11.10.1 may be rehabilitated to me...
	A properly substantiated analysis shall be conducted that accounts for the transfer of momentum a...
	  The diaphragms of the structures shall be located at the same elevations and shall be demonstra...
	  The structures shall be demonstrated to be capable of resisting all required vertical and later...


	2.11.11 Vertical Earthquake Effects
	The effects of the vertical response of a structure to earthquake ground motion should be conside...
	  Cantilever elements and components of structures
	  Pre-stressed elements and components of structures
	  Structural components in which demands due to dead and permanent live loads exceed 80% of the n...


	2.12 Quality Assurance
	Quality assurance of seismic rehabilitation construction for all buildings and all Rehabilitation...
	2.12.1 Construction Quality Assurance Plan
	The design professional in responsible charge should prepare a Quality Assurance Plan (QAP) for s...
	  Required contractor quality control procedures
	  Required design professional construction quality assurance services, including but not limited...
	  Required special inspection and testing requirements

	2.12.2 Construction Quality Assurance Requirements
	2.12.2.1 Requirements for the Structural Design Professional
	The design professional in responsible charge, or a design professional designated by the design ...
	Following such structural observations, the structural construction observer should report any ob...

	2.12.2.2 Special Inspection
	The owner should employ a special inspector to observe the construction of the seismic-force-resi...
	  Items designated in Sections�1.6.2.1 through 1.6.2.9 in the 1994 and 1997 NEHRP Recommended Pro...
	  All other elements and components designated for such special inspection by the design professi...
	  All other elements and components required by the regulatory agency

	2.12.2.3 Testing
	The special inspector(s) shall be responsible for verifying that the special test requirements, a...
	  All work described in Sections 1.6.3.1 through 1.6.3.6 of the 1994 and 1997 NEHRP Recommended P...
	  Other types of work designated for such testing by the design professional
	  Other types of work required by the regulatory agency

	2.12.2.4 Reporting and Compliance Procedures
	The special inspector(s) should furnish to the regulatory agency, the design professional in resp...
	At the completion of construction, the special inspector(s) should submit a final report to the r...


	2.12.3 Regulatory Agency Responsibilities
	The regulatory agency having jurisdiction over construction of a building that is to be seismical...
	2.12.3.1 Construction Document Submittals— Permitting
	As part of the permitting process, the regulatory agency should require that construction documen...
	The regulatory agency should require that it be demonstrated (in the design calculations, by thir...
	The regulatory agency should maintain a permanent public file of the construction documents submi...

	2.12.3.2 Construction Phase Role
	The regulatory agency having jurisdiction over the construction of seismic rehabilitation measure...
	  Files of inspection reports should be maintained for a defined length of time following complet...
	  Prior to issuance of certificates of occupancy, the regulatory agency should ascertain that eit...
	  Files of test reports prepared in accordance with Section�2.12.2.3 should be maintained for a d...



	2.13 Alternative Materials and Methods of Construction
	When an existing building or rehabilitation scheme contains elements and/or components for which ...
	2.13.1 Experimental Setup
	When relevant data on the inelastic force-deformation behavior for a structural subassembly (elem...
	The experimental setup should simulate, to the extent practical, the actual construction details,...

	2.13.2 Data Reduction and Reporting
	A report should be prepared for each experiment. The report should include the following:
	  Description of the subassembly being tested
	  Description of the experimental setup, including:
	  Description of the loading protocol employed, including:
	  Description, including photographic documentation, and limiting deformation value for all impor...

	2.13.3 Design Parameters and Acceptance Criteria
	The following procedure should be followed to develop design parameters and acceptance criteria f...
	1. An idealized lateral-force-deformation pushover curve should be developed from the experimenta...
	a. The appropriate quadrant of data from the lateral- force-deformation plot from the experimenta...
	b. A smooth “backbone” curve should be drawn through the intersection of the first cycle curve fo...
	c. The backbone curve so derived shall be approximated by a series of linear segments, drawn to f...
	Figure�2�6 Backbone Curve for Experimental Data
	2. The approximate multilinear curves derived for all experiments involving the subassembly shoul...
	3. The stiffness of the subassembly for use in linear procedures should be taken as the slope of ...
	4. For the purpose of determining acceptance criteria, assemblies should be classified as being e...

	Figure�2�7 Alternative Force Deformation Curve
	5. The strength capacity, QCL�, for force-controlled elements evaluated using either the linear o...
	6. The acceptance criteria for deformation-controlled assemblies used in nonlinear procedures sha...
	a. Primary Elements
	b. Secondary Elements
	7. The m values used as acceptance criteria for deformation-controlled assemblies in the linear p...



	2.14 Definitions
	Acceptance criteria
	Permissible values of such properties as drift, component strength demand, and inelastic deformat...
	Action
	Sometimes called a generalized force, most commonly a single force or moment. However, an action ...
	Assembly
	Two or more interconnected components.
	BSE�1
	Basic Safety Earthquake-1, which is the lesser of the ground shaking at a site for a 10%/50 year ...
	BSE-2
	Basic Safety Earthquake-2, which is the ground shaking at a site for an MCE.
	BSO
	Basic Safety Objective, a Rehabilitation Objective in which the Life Safety Performance Level is ...
	Building Performance Level
	A limiting damage state, considering structural and nonstructural building components, used in th...
	Capacity
	The permissible strength or deformation for a component action.
	Coefficient of variation
	For a sample of data, the ratio of the standard deviation for the sample to the mean value for th...
	Components:
	The basic structural members that constitute the building, such as beams, columns, slabs, braces,...
	Corrective measure
	Any modification of a component or element, or the structure as a whole, intended to reduce build...
	Critical action
	That component action that reaches its elastic limit at the lowest level of lateral deflection, o...
	Demand
	The amount of force or deformation imposed on an element or component.
	Diaphragm
	A horizontal (or nearly horizontal) structural element used to distribute inertial lateral forces...
	Diaphragm chord
	A diaphragm component provided to develop shears at the edge of the diaphragm, resisted either in...
	Diaphragm collector
	A diaphragm component provided to transfer lateral force from the diaphragm to vertical elements ...
	Element
	An assembly of structural components that act together in resisting lateral forces, such as momen...
	Flexible diaphragm
	A diaphragm with stiffness characteristics indicated in Section�3.2.4.
	Hazard level
	Earthquake shaking demands of specified severity, determined on either a probabilistic or determi...
	Lateral-force-resisting system
	Those elements of the structure that provide its basic lateral strength and stiffness, and withou...
	Maximum Considered Earthquake (MCE)
	An extreme earthquake hazard level used in the formation of Rehabilitation Objectives. (See BSE-2.)
	Mean return period
	The average period of time, in years, between the expected occurrences of an earthquake of specif...
	Nonstructural Performance Level
	A limiting damage state for nonstructural building components used to define Rehabilitation Objec...
	Primary component
	Those components that are required as part of the building’s lateral-force-resisting system (as c...
	Primary element
	An element that is essential to the ability of the structure to resist earthquake-induced deforma...
	Rehabilitation Method
	A procedural methodology for the reduction of building earthquake vulnerability.
	Rehabilitation Objective
	A statement of the desired limits of damage or loss for a given seismic demand, usually selected ...
	Rehabilitation strategy
	A technical approach for developing rehabilitation measures for a building to reduce its earthqua...
	Secondary component
	Those components that are not required for lateral force resistance (contrasted to primary compon...
	Secondary element
	An element that does not affect the ability of the structure to resist earthquake-induced deforma...
	Seismic demand
	Seismic hazard level commonly expressed in the form of a ground shaking response spectrum. It may...
	Simplified Rehabilitation Method
	An approach, applicable to some types of buildings and Rehabilitation Objectives, in which analys...
	Strength
	The maximum axial force, shear force, or moment that can be resisted by a component.
	Stress resultant
	The net axial force, shear, or bending moment imposed on a cross section of a structural component.
	Structural Performance Level
	A limiting structural damage state, used in the definition of Rehabilitation Objectives.
	Structural Performance Range
	A range of structural damage states, used in the definition of Rehabilitation Objectives.
	Subassembly
	A portion of an assembly.
	Systematic Rehabilitation Method
	An approach to rehabilitation in which complete analysis of the building’s response to earthquake...

	2.15 Symbols
	BS
	Coefficient used to adjust short period spectral response for the effect of viscous damping
	B1
	Coefficient used to adjust one-second period spectral response for the effect of viscous damping
	C1
	Modification factor to relate expected maximum inelastic displacements to displacements calculate...
	C2
	Modification factor to represent the effect of hysteresis shape on the maximum displacement respo...
	C3
	Modification factor to represent increased displacements due to second-order effects, calculated ...
	DCR
	Demand-capacity ratio, computed in accordance with Equation�2�12 or required in Equation�2�13
	DCR
	Average demand-capacity ratio for a story, computed in accordance with Equation�2�13
	Fa
	Factor to adjust spectral acceleration in the short period range for site class
	Fv
	Factor to adjust spectral acceleration at one second for site class
	H
	Thickness of a soil layer in feet
	J
	Coefficient used in linear procedures to estimate the maximum earthquake forces that a component ...
	LDP
	Linear Dynamic Procedure—a method of lateral response analysis
	LSP
	Linear Static Procedure—a method of lateral response analysis
	MST
	The stabilizing moment for an element, calculated as the sum of the dead loads acting on the elem...
	MOT
	The overting moment on an element, calculated as the sum of the lateral forces applied on the ele...
	N
	Blow count in soil obtained from a standard penetration test (SPT)
	N
	Average blow count in soil within the upper 100 feet of soil, calculated in accordance with Equat...
	NDP
	Nonlinear Dynamic Procedure—a method of lateral response analysis
	NSP
	Nonlinear Static Procedure—a method of lateral response analysis
	PE50
	Probability of exceedance in 50 years
	PI
	Plasticity Index for soil, determined as the difference in water content of soil at the liquid li...
	Pi
	The total weight of the structure, including dead, permanent live, and 25% of transient live load...
	PR
	Mean return period
	QCE
	Expected strength of a component or element at the deformation level under consideration for defo...
	QCL
	Lower-bound estimate of the strength of a component or element at the deformation level under con...
	QD
	Calculated stress resultant in a component due to dead load effects
	QE
	Calculated earthquake stress resultant in a component
	QUD
	The dead load force on a component.
	Qy
	Yield strength of a component
	SS
	Spectral response acceleration at short periods, obtained from response acceleration maps, g
	SXS
	Spectral response acceleration at short periods for any hazard level and any damping, g
	SX1
	Spectral response acceleration at a one-second period for any hazard level and any damping, g
	Sa
	Spectral acceleration, g
	SaD
	Design BSE-1 spectral response acceleration at any period T, g
	SaM
	Design BSE-2 spectral response acceleration at any period T, g
	S1
	Spectral response acceleration at a one-second period, obtained from response acceleration maps, g
	T
	Fundamental period of the building in the direction under consideration
	T0
	Period at which the constant acceleration and constant velocity regions of the design spectrum in...
	Vi
	Total calculated lateral shear force in story i due to earthquake response, assuming that the str...
	di
	Depth, in feet, of a layer of soils having similar properties, and located within 100 feet of the...
	hi
	Height, in feet, of story i; this may be taken as the distance between the centerline of floor fr...
	m
	Modification factor used in the acceptance criteria of deformation-controlled components or eleme...
	si
	Horizontal distance, in feet, between adjacent buildings at the height above ground at which poun...
	su
	Undrained shear strength of soil, pounds/ft2
	Average value of the undrained soil shear strength in the upper 100 feet of soil, calculated in a...
	vs
	Shear wave velocity in soil, in feet/sec
	Average value of the soil shear wave velocity in the upper 100 feet of soil, calculated in accord...
	w
	Water content of soil, calculated as the ratio of the weight of water in a unit volume of soil to...
	b
	Modal damping ratio
	Di1
	Estimated lateral deflection of building 1 relative to the ground at level i
	Di2
	Estimated lateral deflection of building 2 relative to the ground at level i
	di
	The lateral drift in story i, at its center of rigidity
	qi
	A parameter indicative of the stability of a structure under gravity loads and earthquake- induce...
	k
	A reliability coefficient used to reduce component strength values for existing components based ...
	s
	Standard deviation of the variation of the material strengths
	f
	A capacity reduction coefficient used to reduce the design strength of new components to account ...
	c
	A coefficient used to determine the out-of- plane forces required for anchorage of structural wal...
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